The majority of studies on the effects of carbon on lung defense mechanisms have dealt with changes in ciliary function, clearance of bacteria by alveolar macrophages, and bactericidal properties of the lung (2, 9, 12, 14, 16, 17) . These studies have included reports indicating that increased susceptibility to respiratory infection can result after exposure to carbon dust and also reports to the contrary. In most cases, these conflicting reports can be explained by the various types of carbon dust used, its route of administration, and the variety of bacterial species used to challenge the animals. Only recently (24, 25) has any evidence been reported on the effects of carbon dust inhalation on antibody synthesis or activity.
In relation to the effects of carbon treatment on the immune response, both immunosuppression and immunoenhancement have been observed. Sabet and Friedman (19, 20) found that intraperitoneal injection of colloidal carbon (India ink) 24 to 48 h before red blood cell (RBC) immunization caused a suppression of ' Center for Air Environment Studies publication no. 331-73. the primary immune response of mice at both the cellular and humoral levels. They also found that suppression of the primary response markedly interfered with the development of immunological memory to a subsequent challenge injection of RBC. Conversely, Fisher (8) found that India ink injected intravenously into mice resulted in significant enhancement in the formation of anti-sheep hemolysin.
Zarkower (24) studied the alteration of the antibody response in mice induced by carbon inhalation. He found a significant decrease in the number of plaque-forming cells (PFC) to Escherichia coli lipopolysaccharide (LPS)-coated sheep RBC (SRBC) in the spleen and in serum agglutinin titers after exposure of mice to an aerosol of E. coli. A 4-day pre-exposure increased the number of PFC in the mediastinal lymph node (MLN), but this effect was not significant when the pre-exposure was of 15 days' duration. Zarkower also found that carbon alone or in combination with SO2 caused a progressive decrease in the overall ability of mice to form antibody after a long-term, lowconcentration pre-exposure. The Carbon exposure facilities. The exposure chambers were constructed from stainless steel and glass, similar in most respects to those described by Hinners et al. (10) , and the dry powder aerosol generator was constructed according to the design of Crider et al. (7) .
Filtered air was pulled through the chamber by a vacuum pump at the rate of 4.0 ft2/min. The carbon dust generator was located at the air intake port of the chamber. Particulate carbon was placed in the bottom of the generator, and the dust was generated by pulsing a high-velocity jet of air (20 lb/in2) into the bed of carbon dust. The length of each pulse and the time interval between pulses was controlled by two relays that activated a normally closed solenoid valve.
The dust was drawn off by an aperture in the top of the generator and was then passed through a cyclone fractionator which was introduced to control the size distribution of the carbon particles entering the exposure chambers.
Approximate environmental conditions in the chamber were maintained as follows: temperature, 24 to 27 C; relative humidity, 40 to 60%. The carbon dust concentrations were measured with a Sinclair Phoenix dust photometer (model JM 30000-AL) which was calibrated against weighings of carbon deposited on a filter after passage of a measured volume of air. The carbon dust used was an all-gas channel black obtained from Sid Richardson Co., Fort Worth, Tex. The mass median diameter of the carbon dust was 1.8 gm as determined by microscope measurement.
Removal of MLN. The animals were anesthetized with ether and sacrificed by decapitation. The lungs were exposed and reflected to the left, and two MLN were removed. The anterior node is located on the right side of the trachea, and the posterior node is on the right side of the posterior vena cava and esophagus. Occasionally the posterior node could not be located.
In vitro lymphocyte transformation. The lymphocyte transformation technique was modified from that of Adler et al. (1, 2 (12) . An experiment was performed to determine the effect of carbon dust inhalation on transformation of sensitized lymphocytes by specific antigen. Forty mice were divided into two groups: an experimental group exposed continuously to carbon dust at a mean concentration of 5,350 ± 1,500 Mg/m3, and a control group breathing filtered ambient air. After 14 days pre-exposure to carbon dust, 10 mice from each group were sensitized to M. tuberculosis H37Ra via aerosol immunization and 10 mice were sensitized via subcutaneous CFA injection. Both groups were returned to the exposure chambers and sacrificed 21 days later. The results were expressed as the ratio of transformation (counts per minute + PPD/counts per minute -PPD) of spleen cell cultures. The carbon-exposed mice showed significantly enhanced antigen-induced transformation ratios, as compared with the control mice, to both the aerosol (45.5% enhancement) and subcutaneous (100.5% enhancement) routes of sensitization (Table 4 ). The enhancing effect of carbon dust inhalation was greater in the mice sensitized with CFA, and this method of sensitization yielded greater ratios of transformation to PPD than did the aerosol method of sensitization. 'Mice were exposed to 5,350 4 1,500 ,g of carbon per m3 for 14 days before and 20 days after sensitization. c Significant P < 0.01 when compared with control group.
DISCUSSION
Although there have been reports on the effects of carbon on the humoral immune response (8, 19, 20, 24, 25) and lung bactericidal activity (16) , little information has been available concerning the cellular mechanisms affected, and there has been no information on the effects of carbon on the cell-mediated immune responses. By using in vitro lymphocyte transformation, it is possible to determine the relative reactivity of T and B cell populations to specific mitogens or antigens. Concanavalin A and phytohemagglutinin stimulate T lymphocyte proliferation (3) , whereas LPS from gramnegative bacteria and pokeweed mitogen activate [3(H] thymidine uptake only in B lymphocytes (3, 15) . The effect of carbon on the T and B cell populations was thus examined, and correlation of these results with humoral and cellular immune responses in carbon-exposed animals was considered.
The T cell response in the spleen was found to be significantly depressed after 7 pre-exposure to carbon dust. Zarkower (24, 25) reported that 14 days of pre-exposure to carbon dust caused enhancement of the number of PFC in the MLN of mice immunized by an aerosol of E. coli and assayed against E. coli LPS-coated SRBC. These data could lend support to the finding in this study that LPS-responsive cells in the MLN were enhanced in carbon-exposed mice.
Carbon dust, previously reported to be biologically inert when inhaled alone (14, 15, 22) , has recently been reported to cause depressed humoral immune responses to aerosol-administered antigen (24, 25) and in this study was found to cause significant changes in the responsiveness of lymphoid organ cultures to both B and T lymphocyte-specific mitogens. Carbon dust inhalation was also found to cause a significant enhancement of [3H ]thymidine uptake of sensitized mouse spleen cell cultures by PPD. This may be an indication of a change in the delayed-type hypersensitivity response to M. tuberculosis H37Ra. Also, carbon dust inhalation was shown to cause opposing changes in lymphocyte populations dependent on the anatomical relationship to the lung of the lymphoid tissue being assayed.
